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Abstract 
 

For a number of cancer types, metastasis is correlated with poor prognosis. However, it is not 
understood why some cancers metastasize and how. Metastasis includes changes in the ability of 
the cells to adhere to neighboring cells and the surrounding substratum and use the cellular 
migration machinery to move.  
  
The aim of this study is to establish a high through-put assay to quantify adhesion of live 
epithelial cells using time-lapse microscopy. This assay will be used to study how two 
aquaporins (AQPs), AQP3 and AQP5, affects cell:extracellular matrix (ECM) and cell:cell 
adhesion.  
  
AQPs are selective membrane proteins that maintain epithelial water homeostasis. Interestingly, 
AQP5 has been found to be overexpressed in some cancer types, including breast cancer, ovarian 
cancer, colon cancer and non-small cell lung cancer. Moreover, the overexpression of AQP5 in 
these cancers is correlated with an increased tendency to metastasize. 
  
Studies in cell cultures have shown that elevated expression of AQP5 in cancer cells increases the 
ability of the cells to migrate. Many factors can influence migration, but altered adhesion efficiency 
is an important factor seen in enhanced migration. Hence, it is necessary to examine how AQP5 
affects cell adhesion in normal epithelial cells to find out if AQP5 contributes to the development of 
a cancer phenotype. To study how overexpression of AQP5 alone affects the adhesion ability of 
cells, a high-throughput adhesion assay was developed to ensure fast and stable analysis.  
  
Madin-Darby canine kidney (MDCK) cells were used, as they are non-cancerous and a widely used 
model of epithelia. AQP5 and AQP3 (control) linked to Enhanced Green Fluorescent Protein (EGFP) 
were stably overexpressed to examine their effect on adhesion. EGFP allowed subsequent analysis 
of subcellular localization. First, a high through-put assay to study cell:ECM adhesion was 
established on fixed cells. Staining with Hoechst and phalloidin-rhodamine was used to develop a 
method using microscope software to count cells and to find the area of the cells through binary 
layers, respectively.  
  
Currently, the analysis method is being utilized to analyze cell-spreading of live cells. Cell adhesion 
to collagen and E-cadherin/Fc coatings are used to resembled cell:ECM adhesion and cell:cell 
adhesion, respectively. Automated live-cell microscopy is used to acquire several images of living 
cells, which makes it possible to follow the dynamics of adhesion of each cell over many hours. The 
cells are kept in a heat chamber on the microscope to ensure the best conditions. In addition, an 
attempt is made to define the binary layer for cell areas on the basis of EGFP expression in the 
cytoplasm using the pIRES vector.  
This system will allow us to rapidly quantify initial cell adhesion and determine if AQP5 alters 
cell:cell and/or cell:ECM adhesion possibly contributing to the cancer phenotype. 
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Set-up 

Analysis 

Epithelial cell adhesion: The lateral transmembrane adhesion protein E-cadherin forms ad-
herens junctions via homotransinteraction. Anchorage of cells to the extracellular matrix 
protein collagen in the basal membrane is via focal adhesions. The basal transmembrane 
adhesion protein integrin mediates this (left). For experiments, plates are coated with the 
extracellular domain of E-cadherin coupled to FC (E-cadherin/Fc) or collagen on which 
cells are seeded to mimic lateral junctions or basal adhesions, respectively (right). 
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Results Perspectives 
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Cell count: Cells were stained with Hoechst to enable counting, then 
seeded and maintained in DMEM with HEPES in a 24-well plate. They 
were incubated for one hour before image acquisition was initiated. 
Using automated live-cell microscopy, fluorescent images were 
acquired once per hour for 16h with a 10x lens. Left image is inverted 
contrast and visualize nuclei (Hoechst), right image visualize a merge 
of the binary mask “Spot detection” and nuclei. Scale bar is 200µm. 

Cell spreading: To analyze the degree of spreading, the cells were stained with Hoechst, then seeded and maintained in DMEM 
with HEPES in a 24-well plate. They were incubated for one hour before image acquisition was initiated. Using automated live-
cell microscopy, fluorescent images were acquired once per hour for 16h with a 10x lens. Left images are inverted contrast and 
visualize EGFP expressed in the cytoplasm, right images display the binary mask visualizing the binary areas of the cells. Scale 
bar is 200µm. 

•  Further development of this method: Cells should be 
allowed to adhere for a longer period to find maxi-
mum spreading. 

•  Method can be used in other ways, e.g. to follow 
proliferation and determine cell attachment. 

•  To examine if cells with elevated expression of AQP5 
show altered adhesion, both cell:cell and cell:ECM. 

•  To investigate whether adhesion proteins are affected 
in cells with elevated expression of AQP5. 

•  Use this method to examine if overexpression of AQP5 
develops a cancer phenotype in healthy cells. 

Microscope: The microscope that is used to ac-
quire images for live-cell microscopy. It is fully 
automated and is used together with Nikon NIS-
elements imaging software. 

Finding the area per cell: When the cell counts and total binary 
areas of the cells has been obtained, the area per cell can be 
calculated and thus find the degree of cell spreading. This 
enables determination of alterations in cell:cell and cell:ECM 
adhesion between different cell lines. Furthermore, the first time 
point makes it possible to count the initial attachment of cells 
and compare this number between cell lines and substrates. 

Cell attachment: 325 cells at 0h 


